intervention to prevent progression into poor outcome, although some cases require a few hours or days after admission to decide surgical management.
Delta neutrophil index (DNI) is the fraction of circulating immature granulocytes. It has been reported to be a useful prognostic marker of infection or inflammation. [3] [4] [5] DNI can be assessed as the difference between leukocyte subfraction determined by cytochemical myeloperoxidase reaction and leukocyte subfraction determined with nuclear lobularity assay by a reflected light beam using an automated blood cell analyzer. It is included in routine, complete blood count (CBC) tests. Along with inflammatory serologic markers, including white blood cell (WBC) counts, C-reactive protein (CRP), and procalcitonin, DNI serves as a diagnostic tool that can predict mortality in patients with sepsis, disseminated intravascular coagulation, and bacteremia. [6] [7] [8] In gastrointestinal diseases, increased DNI values are independently associated with mortality in patients with acute upper gastrointestinal bleeding. 9 DNI could differentiate perforated appendicitis from non-perforated appendicitis. 10 However, the clinical utility of DNI in patients undergoing emergent abdominal surgical procedures for acute abdomen has not been reported yet.
Thus, the objective of this study was to evaluate the role of DNI in diagnosing and predicting the prognosis of patients who underwent emergent surgery. 
| MATERIAL S AND ME THODS

| Patients
| Data collection and DNI measurement
Blood tests of all patients were evaluated in the first blood samples collected at the emergency department. CBC counts, chemistry, prothrombin time, activated partial thromboplastin time (aPTT), and CRP were calculated. DNI was examined with a blood cell analyzer (ADIVA 2120i, Siemens Inc, Forchheim, Germany). 
| RE SULTS
| Comparison of clinical characteristics and laboratory findings in patients with acute peritonitis (Group I) between 30-day mortality and nonmortality groups
Among 11 patients with 30-day mortality after emergent surgery, 10 patients were included in the group of acute peritonitis. Clinical and laboratory findings were compared by dividing patients into either a 30-day mortality group or a non-mortality group (Table 1) . Age and gender were not significantly different in the two groups. However, patients with underlying diabetes and cardiac disease were more frequent in the mortality group than those in the non-mortality group. Patients who exhibited bacteremia (40.0% vs 1.1%, P < 0.001) and sepsis (50.0% vs 17.8%, P = 0.026) were significantly higher in the mortality group. Postoperative hospital stay was not significantly different between the two groups (12.6 days vs 10.2 days, P = 0.436).
However, postoperative ICU stay of the mortality group was significantly longer than that of the non-mortality group (8.2 days vs 1.0 days, P = 0.018).
In laboratory findings, WBC and platelet counts were not significantly different between the two groups. Prothrombin time, aPTT, CRP, and creatinine of the mortality group were significantly higher than those of the non-mortality group while albumin was significantly lower in the mortality group. The DNI value was significantly higher in the mortality group than that in the non-mortality group (4.20% vs 1.46%, P = 0.036). Bold defined that P-value of variables was < 0.05.
| Receiver operating characteristic analysis for predicting 30-day mortality in Group I
We evaluated the relationship between 30-day mortality and laboratory findings including prothrombin time, aPTT, CRP, creatinine, TA The best cutoff level of DNI for the prediction of 30-day mortality in acute peritonitis was 0.9 or greater with a sensitivity of 100.0%
and a specificity of 67.2%. ROC curves using variables are plotted in Figure 2 .
| Comparison of clinical characteristics and laboratory findings between patients with high and low DNI
We divided subjects into two groups according to whether their DNI level was 0.9% or greater or <0.9%. (five patients with abscess, three patients with wound infection, three patients with ileus, and one patient with pneumonia) of the DNI-high group and two patients (one patient with abscess and one patient with wound infection) of the DNI-low group (P < 0.001). The 30-day mortality was higher in the DNI-high group than that in the DNI-low group (5.1% vs 0.2%, P < 0.001).
| Comparison of clinical characteristics and laboratory findings between patients with acute perforated appendicitis and those with nonperforated appendicitis
Clinical characteristics and laboratory findings were compared between 78 patients diagnosed with acute perforated appendicitis and 305 patients with acute non-perforated appendicitis (Table 4) .
Patients with acute perforated appendicitis were older and maledominant. They had more frequent diabetes than patients with acute non-perforated appendicitis. The postoperative hospital stay of the perforated group was significantly longer than that of the non-perforated group (5.1 days vs 2.9 days, P < 0.001). Only two patients of the perforated group required a postoperative ICU stay. The incidence rate of postoperative complications of the perforated group (three patients: one patient with abscess, one patient with wound infection, and one patient with ileus) was not significantly different from that of the non-perforated group (six patients: three patients with abscess, two patients with wound infection, and one patient with ileus) (3.8% vs 2.0%, P = 0.396). The 30-day mortality was not significant in either group.
In laboratory findings, WBC and platelet counts were not significantly different between the perforated and non-perforated groups. Creatinine, mg/dL, mean ± SD 0.89 ± 0.29 0.88 ± 1.14 0.956
Albumin, g/dL, mean ± SD 4.14 ± 0. aPTT, activated partial thromboplastin time; CRP, C-reactive protein; DM, diabetes mellitus; DNI, delta neutrophil index; HTN, hypertension; ICU, intensive care unit.; SD, standard deviation; WBC, white blood cell. Bold defined that P-value of variables was < 0.05.
TA B L E 4
Comparison of clinical and laboratory findings between patients with acute perforated appendicitis and those with non-perforated appendicitis Prothrombin time, aPTT, CRP, and albumin of the perforated group were significantly different from those of the non-perforated group.
DNI value of the perforated group was higher than that of the nonperforated group (1.36% vs 0.72%, P = 0.008).
| D ISCUSS I ON
The present study demonstrated that DNI value was correlated with severe infection and poor prognosis in patients with acute abdomen.
Patients with high levels of DNI (≥0.9%) displayed higher incidence of bacteremia and sepsis, longer hospital and ICU stay, and higher rate of postoperative complications than patients with low DNI levels (<0.9%). In addition, 30-day mortality was higher in patients with
high DNI values. In acute peritonitis, DNI could predict 30-day mortality. It was not inferior to other laboratory markers associated with infection. In acute appendicitis, DNI value was a useful marker for appendiceal perforation. Our results indicated that DNI could be a useful tool for predicting severity and prognosis in acute abdomen.
According to recent studies, DNI is a predictive marker of histological chorioamnionitis in patients with preterm premature rupture of membranes. 13 A higher DNI is a prognostic marker of out-of-hospital cardiac arrest 14 and an independent factor of mortality in septic acute kidney injury patients with continuous renal replacement therapy. 15 Septic condition of patients who visited the emergency room is an important factor for predicting their prognosis and mortality. Therefore, there have been efforts to find proper biomarkers associated with sepsis. The utility of DNI value in patients with sepsis and bacteremia has been reported in several studies. [6] [7] [8] 16, 17 In a previous study, the DNI value was used as an early marker of disease severity in critically ill patients with sepsis. 18 However, in another study, the use of DNI for predicting bacteremia or sepsis was limited to immunocompromised cases. 19 Recently, a meta-analysis was performed for infected patients to confirm whether DNI could function as a reliable parameter. 20 It demonstrated that DNI was a potentially useful diagnostic tool in diagnosing infection and predicting mortality. In the present study, patients with acute abdomen were targeted. Patients with DNI value of more than 0.9% when arriving at the emergency room had longer postoperative hospital stay, higher mortality, and higher rates of sepsis, bacteremia, and postoperative complications than those with DNI value of below 0.9%, although these patients were older with more comorbidities. These results supported a practical value of DNI as prognostic marker for infectious diseases of the abdomen.
Initial DNI level and myeloperoxidase index as diagnostic predictors of strangulated mechanical bowel obstruction in emergency setting have been reported, 21 consistent with finding of the present study. Acute peritonitis was the primary disease requiring abdominal emergent surgery. To the best of our knowledge, this study assessed the utility of DNI in patients with acute peritonitis for the first time. DNI can be provided with routine CBC that is performed necessarily upon arrival at the emergency department. With other serologic markers including CRP, prothrombin time, aPTT, creatinine, and albumin associated with infection, DNI significantly predicted death within 30 days after abdominal surgery. In addition, an AUC value of DNI at a cutoff level of 0.9% displayed better accuracy than that of aPTT or CRP in Group I.
Patients with acute peritonitis require an examination of the DNI value as a prognostic factor.
Studies for the role of DNI in differentiating perforated appendicitis from non-perforated appendicitis have been conducted in the elderly 10 and children. 22 In previous studies, the predictive value were not evaluated in the present study. These markers were not routinely checked in our hospital.
In conclusion, DNI is a valuable prognostic marker in patients who visited the emergency room complaining of acute abdominal pain. Patients with DNI level of 0.9% or greater who needed emergent abdominal surgery or required surgical intervention for acute peritonitis should be monitored closely with appropriate treatment strategies. DNI could be helpful for selecting high-risk patients and deciding therapeutic modalities such as emergent operation or intensive care unit treatment.
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